Fermentation has been long used as a method to produce beverage of various health benefits. In this research, ripe papaya (Carica papaya) was fermented through alcoholic fermentation using Saccharomyces cerevisiae, followed by acetous fermentation using Acetobacter spp. 0.37 ± 0.01% gula, 3.54 ± 0.36% etanol, 2.46 ± 0.07% asid asetik, 327.89 ± 3.60 
INTRODUCTION
According to the Malaysian Food Regulations (1985) (Regulation 334), vinegar is a solution which contains not less than 4 g acetic acid in 100 mL that is produced from alcoholic fermentation and subsequently acetous fermentation. The earliest methods used for producing vinegar include Orléans method, generator method and submerged-culture method (Ho et al. 2017a; Morales et al. 2001) . Generator method and submerged-culture method have been developed and used for recent commercial vinegar production. Vinegar processing eventually includes filtration, distillation and pasteurisation before it is packaged in bottle (Fatima & Mishra 2015) .
Traditionally, vinegar is used as food preservative because it stops microbial growth (Lingham et al. 2012) . Besides, vinegar contributes to sensory characteristics of food such as sauce, mayonnaise and salad dressing (Ho et al. 2017a ). However, most manufacturers prefer to produce synthetic vinegar due to its shorter fermentation time and lower cost. In traditional vinegar production, it requires fermentation time of 6-8 weeks, which is undesirable as it increases cost of production (Fatima & Mishra 2015) . In Malaysia, ordinary pure vinegar production is only produced in rural industry using variety of agricultural products and by-products as substrate such as coconut sap, nipah sap and fruit juices (Fatima & Mishra 2015) . Vinegar were also produced using tropical fruits, such as soursop (Ho et al. 2017b) , pineapple (Akubor 2017; Mohamad et al. 2015) , mango and banana (Coelho et al. 2017) .
Papaya is believed to be originated from Central America. For the Maya civilization, papaya is one of their important fruits hence the papaya tree is known as 'Tree of Life'. Papaya also has different names in different regions, i.e. Papaya in Northern America, Papaya/pawpaw/papaw in United Kingdom, Pawpaw/papaw in Africa and Pawpaw in Australia (Usman et al. 2015) . Papaya provides lots of benefits for human health, including reducing cholesterol, improving digestion to help in weight loss, benefiting diabetic patient and preventing arthritis or cancer (Usman et al. 2015; Zuhair et al. 2013 ). This tropical non-seasonal fruit is easily available in Malaysia throughout the year, which makes its supply abundant and low in cost. However, papaya is a highly perishable fruit, where overripe papayas are usually discarded and causes high wastage. In order to avoid wastage, this research was carried out to look into the feasibility of converting the waste material into a functional beverage with health benefits. This research aimed to minimise the wastage by using excess papaya fruits in the market to produce vinegar-like fermented papaya beverage. The chemical changes throughout the fermentation process were analysed and the acetous fermentation would be optimised to produce the vinegar-like beverage.
MATERIALS AND METHODS

MATERIALS
Ripe Papaya fruit (Carica papaya) at the 6th stage of ripeness based on the visual characteristics as stated in Basulto et al. (2009) Preparation of papaya juice Papaya fruit was washed, peeled, cut and processed to become juice by mechanical extraction using juice extractor. Papaya juice was separated from the mass by centrifuging at 5000 rpm for 10 min to separate the waste pulp and juice (Vithlani & Patel 2010) .
ºBrix value of papaya juice was adjusted to 12% by adding glucose (Lee et al. 2010) . Papaya juice was then pasteurised at 72ºC for 15 s prior to the fermentation process.
Alcoholic fermentation of papaya juice Alcoholic fermentation was performed on the pasteurised papaya juice. Dry powdered yeast (S. cerevisiae) (1.5 g) was added into 150 mL of papaya juice in a 1000 mL Erlenmeyer flask and covered with cotton and parafilm to create anaerobic conditions for the alcoholic fermentation to occur, thus producing papaya wine (Delfini & Formica 2001) . Papaya juice sample was incubated in incubator shaker at 30ºC for 7 days (Budak et al. 2014) . Sampling was performed in alternate days throughout fermentation process (day 1, 4 and 7). After each sampling, papaya wine sample was vortexed at 5000 rpm for 10 min (Vithlani & Patel 2010) to remove the yeast cells. The supernatant (papaya wine), was used for the subsequent acetous fermentation.
Optimisation of Acetous fermentation Optimisation of acetous fermentation was carried out using the response surface methodology (RSM) with central composite rotatable design (CCRD). Papaya wine sample after 7 days of alcohol fermentation was added with mother of vinegar (organic Bragg's apple cider vinegar) into a 100 mL Erlenmeyer flask and incubated at 30ºC in a incubator shaker (IKA KS 4000) with speed of 180 rpm (Ho et al. 2017b) . The flasks were covered with cotton wool, but not sealed, to ensure aerobic conditions for acetous fermentation to occur. In the CCRD design, two factors were optimised, which were fermentation time (T f ) with factor levels of 20.6 h (-1.414α), 60 h (-α), 155 h (0), 250 h (α) and 290 h (1.414α); and the mother of vinegar concentration (C mv ) in relation to papaya wine (v/v) with factor levels of 16% v/v (-1.414α), 20% v/v (-α), 30% v/v (0), 40% v/v (α) and 44% v/v (1.414α), as shown in Table  2 . The total volume for both papaya wine and mother of vinegar was 20 mL (eg. 30% v/v = 6 mL mother of vinegar in 14 mL papaya wine). Optimisation was carried out using Design Expert software (version 6.0.10), in which the optimum point was determined through regression analysis by minimising the ethanol content, while maximising the acetic acid content. Other responses (reducing sugar, total phenolic content, ascorbic acid content and DPPH radical scavenging activity) were determined within the range. The papaya juice, pasteurised juice, papaya wine and vinegarlike fermented papaya beverage were stored at 4ºC prior to further analyses (reducing sugar content, ethanol content, acetic acid content, total phenolic content, ascorbic acid content and DPPH radical scavenging activity).
REDUCING SUGAR CONTENT ANALYSIS
Reducing sugar content was determined using the dinitrosalicylic acid (DNS) method. DNS reagent was prepared by mixing 10 g dinitrosalicylic acid (DNS) and 300 g sodium potassium tartrate (Rochelle salt) into 800 mL 0.5 N sodium hydroxide and then it was warmed slowly and added with distilled water until it reached 1 L. Sample (1 mL) was mixed with 4 mL DNS reagent inside a test tube placed in boiling water for 5 min and was then allowed to cool to room temperature. Absorbance at 540 nm was measured using a microplate spectrophotometer (Epoch BioTek) (Wood & Bhat 1988) . Calibration curve was prepared by following the same procedure as above, by replacing sample with glucose at concentration 0-0.01%. Reducing sugar content of samples were calculated using the following equation:
Reducing sugar content (%) = R × DF × 100% (1) where R is obtained from calibration curve and DF is dilution factor.
ETHANOL CONTENT ANALYSIS
Ethanol content in samples was analysed using dichromate method. Sample (1 mL) was mixed with 5 mL sodium dichromate solution (40 mg/mL), 5 mL acetate buffer (pH4.3) and 25 mL solution 1 N sulphuric acid in 50 mL volumetric flask. Mixture was swirled slowly for 1 min and stored for 2 h at room temperature until green coloured product formed. Absorption at 578 nm was measured using microplate spectrophotometer (Epoch BioTek). Same procedure was repeated using ethanol standard solution (0-20%) as calibration curve. Concentration of ethanol in samples determine using the calibration curve.
ACETIC ACID CONTENT ANALYSIS
Acetic acid content in samples was measured as total titratable acidity. Sample (1 mL) was pipetted into 20 mL of deionised water in 50 mL Erlenmeyer flask. Approximately 3 drops of phenolphthalein indicator were added. Flask content was titrated with 0.1 N sodium hydroxide solutions until end point. Sample was replaced with 20 mL deionised water for blank titration performed by repeating the same procedure. Total titratable acidity content was calculated using the following equation (Cardwell et al. 1991) :
where N NaOH is NaOH concentration (mEq/ mL); V NaOH is NaOH volume (mL); MW acetic acid is acetic acid molecular weight (60.05 mg/ mEq); and V sample is sample volume (mL).
TOTAL PHENOLIC CONTENT ANALYSIS
Folin-Ciocalteu method based on Mohd Fadzelly et al. (2015) was performed to determine total phenolic content in samples. Amount of 0.3 mL sample was mixed with 1.5 mL of 10% Folin-Ciocalteu reagent in test tube. After 5 min, 1.2 mL sodium carbonate solution of 7.5% (w/v) was added into the test tube and vortex test tubes. The test tubes were then closed and stored for 30 min at room temperature. Absorbance was measured using microplate spectrophotometer (Epoch BioTek) at 765 nm. Same procedure was repeated with gallic acid standard solution (0-100 mg/L) and calibration curve was interpreted. Total phenolic content in sample was calculated as gallic acid content equivalent (mg) per L sample (mg GAE/L sample) using following equation (Lim et al. 2014 ):
Total phenolic (mg GAE/mL sample) = R × DF
where R is reading from calibration line (mg/L) and DF is dilution factor.
FREE-RADICAL SCAVENGING ACTIVITY ANALYSIS
Sample (1 mL) was mixed with 2.9 mL methanolic 0.15 mM DPPH. Mixture was stored in dark for 30 min. Absorbance was measured at 517 nm inside 96-well plate (200 μL) using microplate spectrophotometer (Epoch BioTek) (Ho et al. 2016) . A blank was prepared by replacing sample with distilled water. Percentage of free-radical scavenging was measured using following equation:
where A1 is blank absorbance and A2 is sample absorbance. Same procedure was repeated using ascorbic acid standard solution (0-50 mg/L) and calibration line was interpreted. Free-radical scavenging activity was explained as ascorbic acid equivalent antioxidant capacity (AEAC) per 100 g sample (mg AA/100 g) using following equation (Lim et al. 2014 ): AEAC (mg AA/100 g) = IC 50 (AA) / IC 50 (sampel) × 100,000
where AA is ascorbic acid and IC 50 is concentration of inhibition at 50%.
ASCORBIC ACID CONTENT ANALYSIS
Ascorbic acid content in samples was analysed using indophenol method. Amount of 2 mL ascorbic acid standard solution (1 mg/mL) was pipetted into three 50 mL Erlenmeyer flasks which contained 5 mL of 3% metaphosphoric acid-acetic acid solution. Ascorbic acid standard solution was titrated with indophenol indicator until end point. Total volume indicator needed was recorded. Amount of 2 mL water was mixed with 5.0 mL of metaphosphoric acid-acetic acid solution for blank titration. Total volume indophenol indicator needed for blank titration was recorded and indicator factor was calculated using following equation:
Indicator factor (mg ascorbic acid/mL of indicator) =
where W is weight of ascorbic acid used (mg); V s is volume of indicator used in standard solution titration (mL); and V o is volume of indicator used in blank titration (mL). Amount of 5 mL of 3% metaphosphoric acid-acetic acid was pipetted into three 50 mL Erlenmeyer flasks, followed with 2 mL sample. Sample was titrated with indophenol indicator until endpoint. Total volume of indicator used was determined with vitamin C content calculation using following equation (Kumar et al. 2013 ):
Vitamin C content (mg/100 mL sample) = × 100 (7) where F is indicator factor (mg ascorbic acid/mL indicator); V 0 is average volume of indicator used in blank titration (mL); V is average volume of indicator used in sample titration (mL) and SV is sample volume (mL). Pasteurisation was performed to avoid spoilage of sample before and during fermentation process. The results in Table 1 shows that pasteurisation of papaya juice caused the increase of reducing sugar content and total phenolic content significantly (p<0.05) whereas it reduced ascorbic acid content and free-radical scavenging activity significantly (p<0.05). Ethanol content and acetic acid content in papaya juice were not affected by heat of pasteurisation. The increase in reducing sugar content is due to the hydrolysis of polysaccharides present in the papaya juice, such as pectins, cellulose and starch, into reducing sugars (Bal et al. 2014) . Randhir et al. (2008) reported that heat treatment could increase the phenolic contents, due to the release of phenolic compounds bound to cell wall materials. The significant reduction of ascorbic acid and free-radical scavenging activity in the pasteurised juice is due to its destruction when heat treatment was applied (Van Den Broeck et al. 1998 ).
The metabolic changes in alcoholic fermentation is as showed in Figure 1 . During alcoholic fermentation, it was found that reducing sugar content reduced significantly (p<0.05) whereas ethanol content increased significantly (p<0.05) due to the conversion of sugar to ethanol by yeast (Ho et al. 2017a ). Acetic acid and ascorbic acid contents also significantly increased (p<0.05) during alcoholic fermentation, from 0.12% in Day 0 to 0.72% in Day 7 for acetic acid and 0.59 mg/100 mL in Day 0 to 14.90 mg/100 mL in Day 7 for ascorbic acid. Yeast has been reported to produce small amount of acids, such as acetic acid, succinic acid and pyruvic acid as by-products, as response to hyperosmosis stress due to the high amount of sugar (Chidi et al. 2015; Dubourdieu et al. 2005; Erasmus et al. 2004; Ferreira et al. 2006) . Alcoholic fermentation did not significantly (p>0.05) affect total phenolic content and DPPH free-radical scavenging activity as phenolic compound originally from papaya juice was retained in the papaya wine (Nogueira et al. 2008 ) and antioxidative activity of sample was not affected by alcoholic fermentation process (Pérez-Gregorio et al. 2011).
The optimisation of acetous fermentation was performed and the response surfaces and models are shown in Figure 2 . T f significantly affected (p<0.05) reducing sugar content whereas C mv did not significantly (p>0.05) affect reducing sugar content after acetous fermentation based on Table 2 . The reducing sugar content in samples increased along with T f during acetous fermentation because more non-reducing sugar had converted to reducing sugar in acidic condition. Sucrose could be hydrolysed by invertase from S. cerevisiae, acid or heat (Cheeke & Dierenfeld 2010) . Therefore, longer T f caused higher reducing sugar content in the vinegar-like fermented papaya beverage as shown in Figure 2 (a).
Higher T f also showed significant effect (p<0.05) for ethanol content, while mother of vinegar concentration (C mv ) showed no significant effect (p>0.05) towards ethanol content after acetous fermentation based on Table  2 . Acetous fermentation that involved aerobic oxidation of ethanol to become acetic acid by acetic acid bacteria (Emde 2014; Ho et al. 2017a ) caused ethanol content decreased. Besides, there are also ethanol losses due to evaporation during fermentation (Caro et al. 1992) . Therefore, longer acetous T f caused lower ethanol content in sample as shown in Figure 2(b) .
Moreover, coefficient analysis was performed for acetic acid content and result showed that T f had significant effect (p<0.05) for acetic acid content whereas C mv had no significant effect (p>0.05) for acetic acid content after acetous fermentation based on Table 2 . It was found that the acetic acid content increased initially, but it reduces over time, as shown in Figure 2 (c). Acetic acid is a compound that evaporates easily. This influenced loss of acetic acid through evaporation when exposed to air (Sanarico et al. 2003) . Therefore, longer T f caused higher amount of acetic acid evaporated.
T f gave significant effect (p<0.05) for total phenolic content, whereas C mv gave no significant effect (p>0.05) for total phenolic content after acetous fermentation based on Figure 2 (d) and Table 2 . Oxidation and other factors could influence total phenolic content during acetification process (Su & Chien 2007) .
T f affected significantly (p<0.05) on ascorbic acid content while C mv did not significantly (p>0.05) affect the ascorbic acid content based on Table 2 . The main factors for ascorbic acid losses were heating process and oxidation (Lešková et al. 2006) . Erlenmeyer flask which contained sample was not closed throughout period of fermentation process due to acetous fermentation requires aerobic conditions. Hence, oxidation of ascorbic acid occurred, causing ascorbic acid content in sample to decrease over time, as shown in Figure 2 (e). Longer T f caused more ascorbic acid to be oxidised.
T f also affected significantly (p<0.05) on DPPH free-radical scavenging activity whereas C mv did not significantly (p>0.05) affect the DPPH free-radical scavenging activity after acetous fermentation, as shown in Figure 2 (f) and Table 2 . When compared with the antioxidant compounds present in the samples, i.e. phenolics and ascorbic acid, it was found that the DPPH free-radical scavenging activity were consistent with the ascorbic acid contents, where both reduces over time. Hence, longer T f caused lower free-radical scavenging FIGURE 1. Changes of reducing sugar, ethanol, acetic acid, ascorbic acid, total phenolic content and DPPH AEAC during alcoholic fermentation activity in vinegar-like fermented papaya beverage sample.
VERIFICATION OF OPTIMUM POINT
Optimum points of acetous fermentation were obtained from Design Expert Software where the optimised conditions for acetous fermentation are T f = 70.80 h and C mv = 40% mother of vinegar. The predicted values for each analysis were compared to the experimental value to determine validity of experimental design using response surface methodology (RSM). Table 3 shows the difference of reducing sugar, ethanol, acetic acid, total phenolic, ascorbic acid content and free-radical scavenging activity between the vinegar-like fermented papaya beverage sample produced in verification process of acetous fermentation and mother of vinegar (organic Bragg's apple cider vinegar) and predicted values from RSM model. The produced vinegar-like fermented papaya beverage has 2.46 ± 0.07 % acetic acid content, which is less than the requirement of 4% acetic acid content to be labelled as vinegar. Therefore, the produced beverage is termed as the vinegar-like fermented papaya beverage. The vinegar-like fermented papaya beverage sample showed significantly lower (p<0.05) reducing sugar concentration and ascorbic acid amount, while total phenolic content was significantly higher (p<0.05) compared with predicted values. Optimum point to produce vinegar-like fermented papaya beverage that contained lower sugar content compared with predicted values was an acceptable deviation. The reason was acetic acid formed through changing of sugar to alcohol by yeast and from alcohol to acetic acid by acetic acid bacteria and thus, the lower sugar content is due to the production of higher acetic acid. The vinegar-like fermented papaya beverage contained significantly (p<0.05) higher total phenolic content compared with predicted value because acetification could increase phenolic compound content in sample (Kongkiattikajor 2015) . There were no significant differences (p<0.05) between the vinegar-like fermented papaya beverage and predicted values from ethanol content, acetic acid and free-radical scavenging activity. This showed the validity of optimum point and the RSM model. The vinegar-like fermented papaya beverage sample and Bragg's apple cider mother of vinegar contained concentration of reducing sugar, acetic acid, total phenolic, ascorbic acid and free-radical scavenging activity with significant difference (p<0.05). Bragg's apple cider mother of vinegar contained significantly (p<0.05) higher acetic acid content, total phenolic, ascorbic acid and free-radical scavenging activity than the vinegar-like fermented papaya beverage. Ethanol content of both samples were not significantly different (p>0.05) between the vinegar-like fermented papaya beverage and Bragg's apple cider mother of vinegar. Overall, this proves that the vinegar-like fermented papaya beverage produced were similar to the statistically predicted values, but were different when compared to the commercial vinegar (Bragg's apple cider mother of vinegar). Figure 3 shows overall changes of chemical composition throughout the vinegar-like fermented papaya beverage production process, i.e. from papaya juice to pasteurised juice to wine and the vinegar-like beverage. Pasteurisation caused reducing sugar and total phenolic contents in papaya juice increased whereas ascorbic acid content and free-radical scavenging activity in papaya juice decreased. Increased reducing sugar content was caused by polysaccharide hydrolysis (Bal et al. 2014) . Phenolic acid production was related to cellular constituent and cell wall disruption due to heat processing that caused total phenolic content to increase (Chism & Haard 1996) . Ascorbic acid content decreased because of oxidation (Lešková et al. 2006) . Ethanol and acetic acid contents in papaya juice were not influenced by heat processing. After 7 days of alcoholic fermentation, reducing sugar content decreased while ethanol content increased due to the conversion of sugar in pasteurised papaya juice to ethanol by yeast (Emde 2014) . Acetic acid content in wine sample also increased. Besides, ascorbic acid content increased during alcoholic fermentation because yeast could produce antioxidant molecules, including D-erythroascorbic acid (Huh et al. 1998 ). There was no significant difference (p>0.05) between juice sample and wine sample based on total phenolic content and free-radical scavenging activity.
In acetous fermentation process, acetic acid content increased and ethanol content decreased because ethanol was converted to acetic acid by Acetobacter spp (Emde 2014) . Free-radical scavenging activity also increased during acetous fermentation. Ascorbic acid content in the vinegar-like fermented papaya beverage was lower compared to papaya wine due to ascorbic acid oxidation happened throughout period of acetous fermentation which is in aerobic conditions (Lešková et al. 2006 ).
CONCLUSION
Vinegar-like fermented papaya beverage was successfully produced from papaya juice. Optimum fermentation time and mother of vinegar concentrations for producing the vinegar-like fermented papaya beverage were 70.80 h and 40% mother of vinegar. There was no significant difference (p>0.05) between the vinegar-like fermented papaya beverage and predicted values from contents of ethanol, acetic acid and free-radical scavenging activity. This showed the validity of optimum point and RSM model. There was a significant change for chemical composition (p<0.05) along the process of producing vinegar-like fermented papaya beverage from papaya juice. Overall, there is potential for production of vinegar-like beverages from tropical fruits, including papaya. This could reduce wastage by converting these highly-perishable fruits into functional food, including tropical fruit vinegar-like beverages.
